Abstract. Durability of hardened cement paste depends on chemical and mineralogical composition of Portland cement. The main factor for hardened cement paste is higher content of calcium aluminate and free calcium hydroxide, binding of which into water-insoluble compounds causes increase in resistance to water, frost and corrosion. The purpose of this research is to develop modifying admixtures to cement compositions based on local raw material -rock sand. Chemical and mineralogical properties of the source materials were studied using X-ray spectroscopy and X-ray diffraction analysis. Standard methods were used for defining physico-mechanical properties of sand and binder. Influence of the degree of mechanochemical activation of modifying admixture on the properties of binder and hardened cement paste made on its basis was studied. Research methods of scanning electron microscopy and spectral measurements were applied. The possibility of using admixture based on rock sand as a modifier was determined, its usage providing increase of strength, sulphate and frost resistance, which causes higher durability of cement concrete.
Introduction
Portland cement is one of the most demanded binders used for various operational conditions. In the Far East region (Russia), with its high tariffs and seasonal supply of materials, the transportation costs for 1 ton of cement is three times higher than its actual cost [1] . This fact indicates the need to search for opportunities to extend the sphere of Portland cement usage by adding in its composition mineral or complex admixtures. At the same time, the stock of local natural raw materials are abundant, they are potentially suitable for being used as admixtures to Portland cement. It is known that in production of cement with mineral admixtures specific fuel consumption is reduced by 10-35 % , and electricity consumption -by 12 % [2, 3] . These data with the account of transportation costs for long-haul organomineral cement indicate relevance of the research on development of modifying admixtures to Portland cement on the basis of local raw materials.
The second direction for research is investigation of the influence of admixture on sulphate resistantce of hardened cement paste. Observations demonstrate that buildings and structures in Sakha Republic (Yakutiya, Russia) during their operation often become unfit for further exploitation prior to the schedule. This entails additional costs on reconstruction and construction of new buildings. It can be explained by higher content of salts Na 2 SO 4 and СaSO 4 in the soil. Similar problems can occur in other regions with higher soil salinity (South Kazakhstan, Middle Asia, West of the USA, South America, North Africa, in Russia -middle and southern Volga region, northeast Caucasus, south of Western and Eastern Siberia) [4] .
One of the solutions to this problem can be the use of sulphate-resistant Portland cement. There were some previous studies on influence of admixtures [5] and industrial raw materials [6, 7] on increase of sulphate resistance of hardened cement paste. The purpose of this study is development of modifying admixtures from mineral and organic components. Local silica raw material -rock sand -was studied as a mineral component.
Materials and Methods
Raw materials used in the research were: Portland cement of the brand ЦЕМ I 32,5 Б (М400 Д0) based on alite clinker manufactured at "Yakutcement" production plant and meeting the requirements of GOST 31108-2003 [8] ; red and orange rock sand (Kildyamsky open pit, Yakutsk city); superplasticizer C-3 meeting the requirements of TU 5870-005-58042865-05 [9] . Properties of Portland cement were defined according to the requirements of GOST 10178 [10] and GOST22266-94 [11] ; for rock sand -according to GOST 8735-88 [12] ; samples were produced from mortar and were tested according to GOST 5802-86 [13] ; frost resistance of the samples was defined in compliance with GOST 10060.0-95 [14] .
Experiment
The following scheme of the admixture preparation and introduction in binder was accepted for the research:
-mechanochemical activation of rock sand by milling with superplasticizer C-3 up to the optimum value of specific surface area using the laboratory ball mill Retch РМ-400; -mixing of Portland cement and activated rock sand in the laboratory mixer. The research includes mathematical planning of factorial experiment with two variables: Х 1 -amount of admixture (activated rock sand), %; Х 2 -rock sand activation time, min. Variation step for Х 1 -15 % of Portland cement mass, and for Х 2 -2 minutes. The following optimization parameters were applied: standard consistency of cement paste, %; initial and final setting time, min.; compressive strength as the age of 14 + 14/28 days of curing in moist cabinet, MPa; compressive strength at the age of 14 (in moist cabinet) + 14/28 days of curing in 5 % solution of Na 2 SO 4 , MPa; sulphate resistance coefficient at the age of 28 and 56 days. Equation representing dependence of optimization parameters on variable factors looks as follows:
According to the accepted plan, binder compositions were prepared and beam specimens with the size of 4х4х16 cm were produced from sand-cement mortar. Having reached standard age the reference samples of each composition were cured in a moist cabinet for strength development and the experimental samples were put in sulphate environment (5 % solution of Na 2 SO 4 ). Then, after 28/56 days both types of samples were tested to define the ultimate compressive strength for finding sulphate resistance coefficient.
Results
X-ray spectral analysis of rock sand using SRS-3400 showed the following chemical composition, %: SiО 2 -76.32; Аl 2 О 3 -13.30; Fе 2 О 3 -6.88; K 2 О -4.94; Nа 2 О -3.41; СаО -1.08; Р 2 О 5 -0.52; MgО -0.37; TiО 2 -0.24, etc. Rock sand samples were investigated using X-ray diffraction analysis using D8 Discover with GADDS. The following spectrum analysis results were obtained: the studied sample consists of quartz SiO 2 -87.9 % and anorthoclase (Na,K)(Si 3 Al)O 8 -9.67 %. Physical properties of rock sand are given in Table 1 . The sand composition is close to the research outcomes [15] [16] . After that, according to the accepted plan, Portland cement samples were prepared with a rock sand admixture of various activation degree. Properties of binders and samples produced on their basis and cured in different conditions are presented in Table 2 .
Results of the obtained experimental data analysis were used to make equations to represent dependences of optimization parameters on variable factors: -for milling fineness, %: The obtained equations were used to build Mathcad models of dependences in the form of response surfaces. Based on the analysis of experimental data from Table 2 and and equations (2-9) the following conclusions can be made:
-Residue on sieve No. 008 increases as the amount of admixture in binder (Х 1 ) grows, increase in time of admixture activation (Х 2 ) causes reduction of difference between cement without admixtures and cement with maximum amount of admixture. It can be explained by high content of quartz in sand and its higher milling resistance.
-It is found that higher density of sand particles is the reason for decrease of standard consistency of cement paste as long as the amount of admixture in binder grows.
-Admixture with longer activation period have more obvious influence on the setting time, particularly on initial one, which can be explained by increase of specific surface area of the admixture and chemical activity of such elements as СаО and Аl 2 О 3 . This can cause formation of initial ettringite in bigger amount.
-Ultimate compressive strength decreases almost in all cases when admixture is introduced. The exception is composition No.2 in which rock sand activated for 4 minutes was added in the amount of 15 % of Portland cement mass. This composition demonstrated increase of ultimate compressive strength by 13 % compared to pure Portland cement.
-Samples are considered to be tested for sulphate resistance in case coefficient of sulphate resistance is higher than 0.8. Conducted research demonstrates that sulphate resistance of hardened Portland cement paste fails the test on 56th day of experiment, whereas introduction of admixture considerably improves this parameter. Figure 1 presents the model of dependence for the most important parameter of the developed admixture -its effect on sulphate resistance of hardened cement paste of standard age. Analysis of the model shows that sulphate resistance of hardened cement paste is mostly affected by variation of the amount of admixture and is almost independent of milling fineness of rock sand. Based on the parameters of strength and sulphate resistance the optimum amount of admixture is 15 % with its activation time of 4 minutes, which corresponds to 19 % of binder residue on sieve. In order to study the structure of obtained hardened cement paste, samples of Portland cement with (15 %) and without admixtures were investigated using JEOL JSM-7800F scanning electron microscope, the results are presented in Figure 2 . Analysis of obtained micropictures allows making a conclusion that introduction of activated rock sand admixture causes densification of its structure. At the picture with 60-fold zoom (Fig. 2 a, b ) the modifying admixture is seen to densify the structure of hardened cement paste. 20,000-fold zoom (Fig. 2 c, d ) demonstrates the structure of new formations, it is visible that space between structural crystals of hydrosilicate and calcium aluminate sulfate hydrate is filled with other microcrystalline formations, which provides dense and solid hardened cement paste and has positive effect on its strength. Such structure formation can be referred to technogenic metasomatism [17] . Data from spectrograms ( Fig. 2 e, f) confirm presence of greater amount of silicates and calcium aluminates in hardened cement paste with activated rock sand.
The influence of the developed admixture on frost resistance properties of hardened cement paste was determined using accelerated method. During the experiment cube specimens with the size of 70х70х70 mm produced from fine-grained concrete based on Portland cement with optimized amount of rock sand (15 %) activated for 4 minutes were subjected to 20 freeze-thaw cycles with thawing in 5 % water solution of sodium chloride, which corresponds to at least F200 brand of concrete frost resistance.
